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On-Board N C 1  Ta rge t ing  Routine - 
Case 610 FROM: R. C .  Purkey 

ABSTRACT 

The launch  t i m e s  f o r  t h e  SL-3 Skylab mis s ion  may 

r e s u l t  i n  a t i m e  i n  c o e l l i p t i c  o r b i t  which i s  beyond t h e  

desired l i m i t s  of 30 t o  75 minutes.  I n  order t o  keep  t h e  

c o e l l i p t i c  o r b i t  t i m e  w i t h i n  t h i s  range,  it i s  necessa ry  

t o  add an a d d i t i o n a l  ha l f  o r b i t  t o  t h e  rendezvous p r o f i l e  

between t h e  N C 1  and NC2 maneuvers. W i t h  t h i s  e x t r a  h a l f  

o r b i t  between N C 1  and NC2,  t h e  approved on-board t a r g e t i n g  

r o u t i n e  e x h i b i t s  extremely s l o w  convergence f o r  t h e  N C 1  

maneuver. T h i s  memorandum sugges ts  a minor a d d i t i o n  t o  the  

on-board t a r g e t i n g  r o u t i n e  w h i c h  w i l l  correct t h i s  behavior .  
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Case 610  FROM: R.  C. Purkey 

MEMORANDUM FOR F I L E  

I n t r o d u c t i o n  

The on-board t a r g e t i n g  r o u t i n e  for  t h e  NC1 and 
NC2 Skylab rendezvous maneuvers which w a s  approved by t h e  
CSM Software Cont ro l  Board, works very  w e l l  f o r  t he  s t a n d a r d  
Skylab rendezvous.  T h i s  s t anda rd  p r o f i l e ,  shown i n  F igu re  1, 
has  an odd number of h a l f  o r b i t s  between N C 1  and NC2.  
However, on t h e  SL-3 m i s s i o n ,  it may be necessary  t o  add 
an a d d i t i o n a l  h a l f  o r b i t  t o  t h e  p r o f i l e  between t h e  N C 1  
and NC2 maneuvers i n  o r d e r  to o b t a i n  t h e  d e s i r e d  amount 
of t i m e  i n  c o e l l i p t i c  o r b i t .  The approved t a r g e t i n g  r o u t i n e  
e x h i b i t s  extremely s l o w  convergence f o r  t h e  N C 1  maneuver in  
t h i s  ca se .*  Some m i n o r  changes are sugges ted  in  t h i s  memo- 
randum which w i l l  correct t h i s  behavior. 

T h e  Problems 

The s t a n d a r d  Skylab p r o f i l e  res t r ic ts  CSM l aunches  
t o  occur  between approximately 06:30 and 18:30 EST, i f  the 
t i m e  i n  c o e l l i p t i c  o r b i t  i s  c o n s t r a i n e d  t o  be between 3Q and 
7 5  minutes .  The connec t ion  between l aunch  t ime of day and 
t i m e  i n  c o e l l i p t i c  o r b i t  arises f r o m  t h e  f ac t  t h a t  t h e  T P I  
maneuver (which t e r m i n a t e s  t h e  c o e l l i p t i c  phase)  is performed 
n e a r  midnight  of t h e  o r b i t ,  w h i l e  t h e  N S R  maneuver (which  
begins  t h e  c o e l l i p t i c  phase) i s  performed an even number of 
h a l f  o r b i t s  less 35O beyond t h e  launch i n s e r t i o n  p o i n t .  
A minimum t i m e  i s  d e s i r e d  i n  c o e l l i p t i c  o r b i t  i n  o r d e r  t o  
allow s u f f i c i e n t  t i m e  f o r  on-board n a v i g a t i o n  and T P I  maneuver 
p r e p a r a t i o n .  T h e  c o n s t r a i n t  on t h e  maximum t i m e  i n  c o e l l i p t i c  
o r b i t  arises f r o m  t h e  desire  t o  l i m i t  t h e  p ropaga t ion  of 
expec ted  s t a t e  errors fo l lowing  NSR s o  t h a t  t h e  T P I  s t a t e  
w i l l  be  reasonably  close t o  nominal. The 30 and 7 5  minute  
l i m i t s  are n o t  r i g i d  b u t  have g e n e r a l l y  been assumed. 

*Sample runs  have i n d i c a t e d  t h a t  t h e  r o u t i n e  r e q u i r e s  
on t h e  o r d e r  of three t i m e s  as many i t e r a t i o n s  f o r  this 
case -- r e s u l t i n g  i n  i t e r a t i o n  c o u n t s  larger than  the maximum 
allowed. 
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F i g u r e  2 shows t h e  t i m e  s p e n t  i n  c o e l l i p t i c  o r b i t  
on t h e  s t a n d a r d  p r o f i l e  f o r  va r ious  combinat ions of  launch 
day and t i m e .  The shaded a r e a  i n d i c a t e s  t h e  launches when 
t h e  t i m e  i n  c o e l l i p t i c  o r b i t  i s  e i the r  t o o  long or  too s h o r t .  

The c u r r e n t l y  discussed mis s ion ,  s t a r t i n g  w i t h  t h e  
SL-1 launch on November 9 ,  1 9 7 2  a t  09:30  EST has t h e  manned 
launches  a s  follows: 

SL- 2 November 1 0  (day 1) 09:OO EST 

SL- 3 January 1 9  (day 7 1 )  0 5 : 1 5  EST 

SL- 4 May 1 (day 173) 12:25 EST. 

These  a r e  p l o t t e d  i n  F igu re  2 and i t  can be seen  t h a t  SL-3 
f a l l s  i n  t h e  shaded area. F u r t h e r ,  i f  a s ix-day launch 
window i s  allowed f o r  SL-3 i n  order t o  g u a r a n t e e  a short  
rendezvous,  SL-3 launch could occur  as e a r l y  as 03:15  EST 
on day 76 .  

I n  o r d e r  t o  meet t h e  l i m i t s  on t i m e  i n  c o e l l i p t i c  
o r b i t ,  and launch a t  a t i m e  w i t h i n  t h e  shaded a r e a  of F igure  2 ,  
it i s  necessary  t o  add a n  e x t r a  h a l f  o r b i t  t o  t h e  rendezvous 
p r o f i l e  b e f o r e  t h e  N S R  maneuver. T h i s  e x t r a  h a l f  o r b i t  i s  
bes t  added between N C 1  a n d  NC2 a s  i l l u s t r a t e d  i n  F i g u r e  3.  
T h i s  minimizes changes t o  t h e  rendezvous procedures  and l e a v e s  
such i t e m s  as on-board nav iga t ion  schedu les  unper turbed .  
I n s e r t i n g  t h e  e x t r a  h a l f - o r b i t  between i n s e r t i o n  and t h e  
N C 1  maneuver would r e s u l t  i n  an  8 1  nm p o s t  N C 1  p e r i g e e  
a l t i t u d e  -- too low f o r  the  number of r e v o l u t i o n s  t h a t  can 
be s p e n t  i n  t h e  N C 1  t o  N C 2  o r b i t .  

T h i s  a d d i t i o n a l  h a l f  o r b i t  between N C 1  and NC2 
causes  t h e  t a r g e t i n g  computations f o r  t h e  N C 1  maneuver t o  be 
v e r y  s l o w  i n  converging.  T h i s  s l o w  convergence i s  caused by 
t w o  f a c t o r s .  F i r s t ,  t h e  i n i t i a l  estimate f o r  t h e  NC2* maneuver 
assumes an odd number of h a l f  o r b i t s  between N C 1  and N C 2 .  

*The N C 1  t a r g e t i n g  a c t u a l l y  uses  a dummy NH maneuver a t  
t h e  NC2 maneuver p o i n t  and a dummy N S R  maneuver a t  t h e  NCC 
maneuver p o i n t .  Dummy TPI t a r g e t  c o n d i t i o n s  are used by t h e  
r o u t i n e  when t a r g e t i n g  t h e  N C 1  maneuver. I n  t h i s  way, an 
i d e n t i c a l  r o u t i n e  can  be used t o  t a r g e t  both the N C 1  and 
NC2 maneuvers. 
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S p e c i f i c a l l y ,  t h e  r o u t i n e  uses  t h e  d i f f e r e n c e  between t h e  
a l t i t u d e  a t  NC1 and t h e  d e s i r e d  NCC a l t i t u d e  t o  compute t h e  
i n i t i a l  change r e q u i r e d  i n  t h e  semi-major a x i s  a t  NC2. Th i s  
works w e l l  f o r  t h e  odd number of h a l f  o r b i t s  case b u t  l e a d s  
t o  a poor i n i t i a l  estimate f o r  t h e  even number of  h a l f  
o r b i t s  case. The o t h e r  cause  of  t h e  slow convergence i s  
s imply t h a t  no p r o v i s i o n  is made f o r  t h e  NC2 maneuver t o  be  
a f u n c t i o n  of  t h e  NC1 maneuver. F o r  t h e  odd number of half 
o r b i t s  case, t h e  f u n c t i o n  of  t h e  NC2 maneuver i s  t o  s imply 
raise t h e  o p p o s i t e  s i d e  of  t h e  o r b i t  from t h e  NC1 a l t i t u d e  
t o  t h e  d e s i r e d  NCC a l t i t u d e .  Consequently,  t h e  r e q u i r e d  
d e l t a - v  a t  NC2 i s  e s s e n t i a l l y  independent  of t h e  NC1 d e l t a - v .  
For  t h e  even number of h a l f  o r b i t s  case, however, t h e  
f u n c t i o n  of t h e  NC2 maneuver i s  t o  r a i s e  t h e  o p p o s i t e  s i d e  
o f  t h e  o r b i t  from t h e  a l t i t u d e  i t  h a s  180' a f t e r  NC1 t o  t h e  
d e s i r e d  a l t i t u d e  a t  NCC. Hence, t o  a f i r s t  o r d e r ,  t h e  NC2 
d e l t a - v  i s  l i n e a r l y  dependent on t h e  NC1 de l t a -v .  The 
approved r o u t i n e  i g n o r e s  t h i s  r e l a t i o n s h i p  s i n c e  i t  only  
c o n s i d e r s  t h e  NCC a l t i t u d e  error it computed d u r i n g  t h e  
p rev ious  i t e r a t i o n  t o  compute t h e  NC2 d e l t a - v  r e q u i r e d  on 
t h e  c u r r e n t  i t e r a t i o n .  I n  t h e  even h a l f - o r b i t  c a s e ,  the 
e f f e c t  of t h e  NC1 d e l t a - v  change w i l l  n o t  be  accounted f o r  
u n t i l  one i t e r a t i o n  l a t e r ,  when t h e  NC1 d e l t a - v  w i l l  have 
changed aga in .  This  causes  slow response  and " c h a t t e r i n g "  
i n  t h e  convergence on t h e  r e q u i r e d  NC2 de l t a -v .  

F i x e s  

The approved r o u t i n e  may be  modif ied t o  correct 
t h i s  s i t u a t i o n  i n  many w a y s .  Th i s  s e c t i o n  p r e s e n t s  on ly  a 
m o s t  obvious way t o  correct both t h e  i n i t i a l  es t imate  of 
t h e  NC2 maneuver and t h e  i t e r a t i o n  f o r  t h e  NC2 maneuver 
d e l t a - v .  F igu re  4 shows t h e  p o r t i o n  o f  t h e  r o u t i n e  f low 
diagram a f f e c t e d  by t h e  proposed change. T h e  added l o g i c  
f i r s t  checks t h e  number of o r b i t s  between NC1 and NC2. 
I f  a whole number of o r b i t s  i s  n o t  i n d i c a t e d ,  the r o u t i n e  
s imply s k i p s  t h e  new l o g i c .  I f  a whole number of o r b i t s  
i s  r e q u i r e d ,  t h e  l o g i c  t h e n  tes ts  the i t e r a t i o n  coun te r  t o  
de te rmine  if COUNT=O, i n d i c a t i n g  t h e  f i r s t  t h e  through. 
If i t  i s ,  a new i n i t i a l  e s t i m a t e  of  t h e  semi-major a x i s  
a f t e r  NC2 i s  computed. Th i s  i n i t i a l  estimate o f  t h e  p o s t  
NC2 semi-major a x i s  i s  computed from t h e  apogee a l t i t u d e  
of  t h e  NC1 t o  NC2 o r b i t  and t h e  d e s i r e d  a l t i t u d e  of NCC. 
T h i s  r e q u i r e d  semi-major a x i s  i s  then  used i n  t h e  p r e s e n t  
l o g i c  t o  compute t h e  maneuver r e q u i r e d  a t  NH. I f  t h e  
i t e r a t i o n  coun te r  (COUNT) i s  n o t  i n d i c a t i n g  t h e  i n i t i a l  
i t e r a t i o n ,  t h e  new l o g i c  corrects t h e  r e q u i r e d  change i n  
semi-major a x i s  a t  NC2 by  t h e  change accomplished by NC1.  
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S p e c i f i c a l l y ,  t h e  r o u t i n e  s t o r e s  t h e  semi-major a x i s  t h a t  
e x i s t s  before t h e  NC2 maneuver of each i t e r a t i o n .  The 
c o r r e c t i o n ,  t h e n ,  i s  t h e  d i f f e r e n c e  between t h e  semi-major 
a x i s  a f t e r  NC1 f o r  t h e  c u r r e n t  i t e r a t i o n  and t h e  semi-major 
a x i s  f r o m  t h e  p r e v i o u s  i t e r a t i o n .  A f t e r  t h i s  c o r r e c t i o n  is  
made, t h e  p r e s e n t  logic  i s  fo l lowed t o  compute t h e  NH 
maneuver. 

T h i s  
s i m u l a t i o n  and 
same number of  
number o f  ha l f  

1 0  2 5-RCP- 1 i 

new l o g i c  h a s  been  t r ied  i n  an  e n g i n e e r i n g  
found t o  produce convergence i n  a b o u t  t h e  
i t e r a t i o n s  for  e i the r  t h e  even o r  the odd 
o r b i t  cases. 

Fez+ 
R. C.  Purkey 
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